INTRODUCTION {#sec1-1}
============

Maximal inspiratory and expiratory pressures (PI max and PE max) produced at the mouth during static efforts are regarded as a reflection of respiratory muscle strength.\[[@ref1]--[@ref3]\] Clinically, respiratory muscle strength is measured as PI max and PE max\[[@ref1][@ref2]\] The relationship of these maximal pressures to age, sex, and general muscular development has been described.\[[@ref1][@ref3]\] Normal values have been reported for the relationship of maximal respiratory pressures to age and gender and these are most frequently derived from the regression equations of Black and Hyatt.\[[@ref1]--[@ref3]\]

The functions of the respiratory muscles are difficult to study directly since the muscles have complex origins and insertions.\[[@ref4][@ref5]\] Furthermore, their product, which is the pressure generated within the thoracic cavity, depends on the coordinated action of many muscles, the individual functions of which may be difficult to distinguish in life.\[[@ref4]--[@ref6]\] The respiratory muscle pump is vital for the movement of air to the level of gas exchange in the respiratory system. The respiratory muscles include the diaphragm as the major muscle of inspiration along with the intercostals and the scalene muscles. It is possible to assess both the strength and endurance of the respiratory muscles separately.\[[@ref4]--[@ref7]\] PI max is a measure of inspiratory muscle strength, whereas PE max measures the strength of abdominal and intercostal muscles.\[[@ref7]\]

Impairment of the respiratory pump compromises ventilation, gas exchange and tissue respiration. In a condition where the load on the respiratory muscles is increased or the capacity of the respiratory muscles is decreased, muscle weakness can occur.\[[@ref2][@ref6]\]

Respiratory muscle weakness increases the relative load for breathing. This can lead to clinical consequences such as dyspnea, impaired exercise performance, ineffective coughing, respiratory insufficiency, weaning failure, and death.\[[@ref6]\]

In the modern world there has been a great increase in pulmonary disease. This has raised an interest in the assessment and treatment of respiratory dysfunction.\[[@ref8]\] Dysfunction of the respiratory muscles is observed in several conditions, such as chronic obstructive pulmonary disease, asthma, cystic fibrosis, and neuromuscular disorders resulting from spinal cord injury, congestive heart failure and various critical illnesses.\[[@ref6]\]

Respiratory muscle assessment is required in order to individually tailor and design pulmonary rehabilitation programmes for the optimization of physical and social performance.\[[@ref8]\]

The available studies that report reference values of PI max and PE max, however, shows wide variability, not only between individuals but also between studies, because of the small numbers surveyed and the selection of subjects in these studies.\[[@ref1][@ref2][@ref7]\] The normal values for maximal inspiratory and expiratory pressures are based on a Western population.\[[@ref2][@ref3][@ref7][@ref9]\] However, these values are not very suitable for our clinical assessment in an Indian population. Therefore it is essential that normal values for the same be predicted through our study. Misri Z. K. carried out a study on maximal mouth pressure estimation as a parameter of respiratory muscle function in healthy medical students including 100 males and 100 females between 18-25 years of age.\[[@ref10]\] The average expiratory pressure PE max and inspiratory pressure PI max values in both males and females were found to be lower than those obtained from Western studies.\[[@ref10]\] The objective of the pilot study is to obtain normal maximal inspiratory and expiratory pressures in the age group of 20-70 years in a Mangalore population and to predict the normal values according to age, sex, height, weight and body mass index (BMI) using the regression equation.

METHODOLOGY {#sec1-2}
===========

The present study was conducted in the Kasturba Medical College and Hospital, Mangalore. Ethical clearance was obtained from the institutional ethical committee. An advertisement in a local newspaper invited volunteers to avail themselves of free assessment of respiratory muscle function, under the guidance of a physician, at the K.M.C Hospital. Two hundred and fifty subjects were selected using a convenient method of sampling. Fifty subjects each were enrolled in the following age groups: 20 to 29, 30 to 39, 40 to 49, 50 to 59 and 60 to 70. There were 50 subjects in each age group, 25 males and 25 females.

Each subject underwent a formal evaluation program, including pulmonary function tests (PFTs), prior to the study. Pulmonary function testing was performed in accordance with the standards outlined by the American Thoracic Society.\[[@ref11]--[@ref13]\] Baseline data such as height, weight and BMI was recorded.

The inclusion criteria were normal, non-smoker subjects of both genders, of the age group 20-70 years, having BMI between 18.0 to 29.5 kg/m^2^. Each subject was examined by a physiotherapist. Subjects without any history of pulmonary, cardiac, neuromuscular or endocrine disease, and with normal spirometric results were included in the study.

Procedure {#sec2-1}
---------

Patients were selected on the basis of inclusion criteria and written, informed consent was taken from the subjects prior to the test. Maximal inspiratory pressure and expiratory pressure was measured with Morgan P max monitor \[P.K Morgan ltd. ME8 7ED\].\[[@ref14]\]

The subjects remained seated with the trunk at an angle of 90° to the hip, and feet on the ground. Subjects used a nasal clip in all maneuvers. A nose clip was worn with normal mouthpiece and it was ensured that there was no leak around the mouthpiece. For measurement of PI max the subjects were asked to make a maximal inspiratory effort starting from residual volume \[RV\] whereas for PE max, a maximal expiratory effort, starting from total lung capacity \[TLC\] was elicited.\[[@ref7]\] All the subjects performed at least three reproducible maneuvers, each maintained for at least one second, until three technically adequate efforts had been made. One minute of rest was ensured between efforts. For data analysis the highest value was recorded, provided that it did not exceed the second highest value by 10%.\[[@ref2][@ref7]\]

Statistical analysis {#sec2-2}
--------------------

Statistical analysis was performed using the SPSS software for Windows (Version 14.0). In all the subjects the values for the maximal respiratory pressures were plotted against the four variables measured (age, height, weight, BMI), a stepwise linear and multiple regression analysis being used. This analysis was used to obtain prediction equations for maximal respiratory pressures. The four variables were included in the multiple regression analysis for all groups but a variable was included in the prediction equation only if multiple correlation coefficients were significant (*P*\<0.05).

RESULTS {#sec1-3}
=======

The anthropometric data of the study sample, mean and standard deviation for PI max and PE max, are presented in Tables [1](#T1){ref-type="table"} and [2](#T2){ref-type="table"}, and Figures [1](#F1){ref-type="fig"} and [2](#F2){ref-type="fig"}, for males and females in all age groups. Pearson\'s correlation coefficient was used to determine which variables would better explain the respiratory pressure values. In males, PI max and PE max values correlated positively with height, weight and BMI \[Tables [3](#T3){ref-type="table"}--[5](#T5){ref-type="table"}\]. However, PI max and PE max negatively correlated with age \[[Table 6](#T6){ref-type="table"}\] \[Figures [3](#F3){ref-type="fig"} and [4](#F4){ref-type="fig"}\]. For females PI max and PE max showed positive correlation with height, weight, and BMI \[Tables [7](#T7){ref-type="table"}--[9](#T9){ref-type="table"}\] and a moderately negative correlation with age \[[Table 10](#T10){ref-type="table"}\] \[Figures [5](#F5){ref-type="fig"} and [6](#F6){ref-type="fig"}\]. Since age was the variable with the best predictive power in relation to maximal respiratory pressures, it was considered in a simple regression analysis model in order to establish the equations for PI max and PE max. On the basis of a linear regression model, considering gender and age as predictive variables, the following equations for PI max and PE max are proposed for the Mangalore Indian population:

Males:

PI max: All ages = 83.36 -- 0.25 × agePE max: All ages = 133.36 -- 0.907 × age

Females:

PI max: All ages = 45.98 + 6.47 × agePE max: All ages = 74.85 -- 0.32 × age

###### 

Anthropometric data of the study sample by male and age bracket, maximal respiratory pressure
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###### 

Anthropometric data of the study sample by female and age bracket, maximal respiratory pressure
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![Measured PI max and PE max for males and females](LI-28-247-g003){#F1}

![Anthropometric data of the study sample by gender and age](LI-28-247-g004){#F2}

###### 

Correlation and linear regression of PI max and PE max with height variables for males
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###### 

Correlation and linear regression of PI max and PE max with weight variables for males
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###### 

Correlation and linear regression of PI max and PE max with BMI variables for males
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###### 

Correlation and linear regression of PI max and PE max with age variables for males
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![Male scatter diagram for PI max and age](LI-28-247-g009){#F3}

![Male scatter diagram for PE max and age](LI-28-247-g010){#F4}

###### 

Correlation and linear regression of PI max and PE max with height in females
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###### 

Correlation and linear regression of PI max and PE max with weight in females
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###### 

Correlation and linear regression of PI max and PE max with BMI variables for females
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###### 

Correlation and linear regression of PI max and PE max with age variables for females
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![Female scatter diagram for PI max and age](LI-28-247-g015){#F5}

![Female scatter diagram for PE max and age](LI-28-247-g016){#F6}

Multiple-regression equations {#sec2-3}
-----------------------------

Males:

PI max: 278.53 -- 1.23 × H + 1.60 × W -- 3.80 × BMI -- 0.27 × agePE max: 566.98 -- 2.85 × H + 3.29 × W -- 7.13 × BMI -- 1.04 × age

Females:

PI max: 379.62 -- 2.34 × H + 4.67 × W -- 9.83 × BMI -- 0.00 × agePE max: 178.49 -- 0.88 × H + 2.19 × W -- 3.65 × BMI -- 0.42 × age

DISCUSSION {#sec1-4}
==========

Maximal respiratory pressures reported in several studies showed a wide range of variation. We studied the age group between 20 to 70 years to set predicted values among the Mangalore population; PE and PI max was used to assess respiratory muscle function in adults. The reported mean value for PI max in males is (75 ± 20 cm H2O) and for PE max is (93± 33 cm H2O) and for PI max in females is (48 ± 16 cm H2O) and for PE max is (60 ± 20 cm H2O).

Compared to previous studies\[[@ref2][@ref3][@ref7][@ref9]\] our study has shown lower mean values for adults. The probable reasons could be geographical variations, poor motivation in our subjects, and deliberate leak in the mouthpiece of the apparatus.

Several factors contribute to the wide range of values described for adults in previous studies. The first concern was, measurement of PI max and PE max may vary markedly with the response characteristics of the pressure-measuring device and diameter of the orifice.\[[@ref1][@ref2][@ref7][@ref15]\] This might have resulted in overestimated values due to undesired contraction of the buccinator muscles, since the activation of these muscles can generate a pressure that interferes with that produced by the respiratory muscles.\[[@ref7]\]

Secondly, air leaks at the nose and mouth can produce inaccuracy during forced expiratory maneuvers. In the majority of our subjects, detectable air leaks were clearly apparent during initial trial studies, but were readily corrected with careful instruction.\[[@ref15]\]

Thirdly, forced respiratory maneuvers are influenced by motivation, and finally, the number of trials used to measure PI max and PE max may affect the maximal pressures recorded. It has been shown that maximal values recorded may increase over ten attempts. Thus, Ringqvist,\[[@ref16]\] using ten or more trials, reported higher maximal pressures than Black and Hyatt\[[@ref3]\] or Leech *et al*.,\[[@ref17]\] who used two and three trials, respectively, to determine their normal values. Normal values based on a small number of trials may be a more appropriate choice for the clinical laboratory, where repeated trials may be impractical or impossible in patients.\[[@ref2]\] However, if one is dealing with possible methodological differences in terms of data collection, this hypothesis must be considered with caution.\[[@ref2][@ref7][@ref18][@ref19]\]

In the correlation of the variables with the maximal respiratory pressures, our results showed statistically significant correlation of PE max with age for male and female subjects (*P*\<0.05), and PI max with age for male subjects (*P*\<0.05). However, there was no correlation of PI max with age for female subjects (*P*\>0.05)

We agree with Black and Hyatt\[[@ref3]\] that respiratory muscle strength decreases with age. Our study also showed decreased respiratory muscle strength in male subjects. Several factors may affect respiratory muscle strength in adults and account for inter-subject variability in maximal respiratory pressures. Variable changes may occur in skeletal muscle itself, in the elastic recoil of the lungs and chest wall, and increase in residual volume (RV). These effects differ in individuals and likely contribute to variability in respiratory muscle strength with ageing.\[[@ref1][@ref2][@ref7]\]

Increase in RV occurs with age and this may lead to an altered Force-Length relationship of the diaphragm and diminished static outward recoil of the chest wall, resulting in decreased PI max at RV.\[[@ref1][@ref2]\] This increased RV is not uniform in all persons and may contribute to differing PI max values in subjects of the same age. Thus, many factors affect respiratory muscle strength with increasing age, but the relative importance of each is unknown.\[[@ref1][@ref2][@ref7][@ref9]\]

Our study also showed decreased PE max in both male and female subjects, the probable reasons could be, loss of lung recoil and an increase in lung compliance in the elderly, which would tend to decrease the PE max. Changes also occur in the thoracic wall involving calcification and stiffening of the articulations of the rib cage together with changes in the spinal curvature, making the chest wall less compliant. These factors may contribute to large inter-individual variations.\[[@ref1][@ref2][@ref7][@ref9]\]

Our results showed that respiratory pressures in men are related to age. For women, however, a significant relationship was shown with height, weight and BMI. This may be explained by the fact that decreased muscle mass and strength fall with increasing age in men.\[[@ref1][@ref2]\] There is approximately 8-10% decline per decade and their peak decline being in the second and third decade of life, while in women overall strength may not be related to age.\[[@ref7]\] Weight could affect the diaphragm mass, exerting an influence on respiratory muscle performance.\[[@ref7]\]

Regression analysis was used to obtain the prediction equation for the maximal respiratory pressures. The equations were derived using age, height, weight and BMI as variables. And in our study there was no significant relationship between height, weight, BMI and respiratory pressure in males. In females there was a significant relationship between height, weight, age and BMI and respiratory pressures, except PI max with age and PE max with height. Hence equations were derived using age as a variable which had higher coefficient of correlation.

The measurement of maximal respiratory pressures allows a simple, reproducible, and rapid assessment of respiratory muscle function which is extremely useful in following the progression of respiratory weakness in patients.

Future studies are required to predict regressive equations for the Indian population through a multicentric trial.
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